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® A positive photoresist composition excellent in properties such as resolution profile etc and nnnd in 
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^n nh^ ° ^»^-^y'®"0' an aldehyde compound, a 1 ,2.quinonediazide compound and an alkali- 

So Of r^"' T T^'"""'"' ""'^'^ '^"^^ ^00' -h^^-'H' said condensaL r^^^^^^ 
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The present invention relates to a positive resist composition sensitive to radiations such as ultraviolet 
rays and far ultraviolet rays including excimer laser. 

Recently, with a rise in the integration level of integrated circuits, formation of pattern of sub-micron 
order is required. As its result, a positive resist composition more excellent in resolution, profile and 
5 sensitivity is demanded. Particularly in the production of 16-64 MDRAMs. it is necessary to resolve a 
pattern having a line width of 0.5 urn or less with a good profile and a good sensitivity. 

In Japanese Patent Application KOKAI No. 63-234249, there is mentioned a positive photoresist 
composition comprising an alkali-soluble novolac resin and a photosensitizer wherein said alkali-soluble 
novolac resin is a product of a condensation reaction between formaldehyde and a phenol component 
10 which Is composed of m-cresol. p-cresol and xylenol and contains at least 10% by mole of 3,5-xylenol 
based on the total phenol component. On the other hand, in Japanese Patent Application KOKAI No. 1- 
177032, there is mentioned a radiation-sensitive resin composition comprising (A) an alkali-soluble novolac 
resin which is a co-condensation product of (a) at least one member selected from p-cresoI, 2.5-xylenol, 
• 3,5-xylenol and 2.3.5-trimethylphenol. (b) m-cresol and (c) an aldehyde, from which low molecular weight 
T5 components have been partially removed, (B) at least one member selected from 1 .2-quinonedia2idesul- 
fonic acid ester of optionally substituted trihydroxybenzophenone, 1 .2-quinonediazidesulfonic acid ester of 
optionally substituted tetrahydroxybenzophenone, 1, 2-quinonediazidesulfonic acid ester of optionally substi- 
tuted pentahydroxybenzophenone and 1 ,2-quinonediazidesulfonic acid ester of optionally substituted hex- 
- ahydroxybenzophenone and (C) an optionally substituted polyhydroxybenzophenone. wherein the content of 
20 said (C) polyhydroxybenzophenone is 1 to 50 parts by weight per 100 parts by weight of said alkali-soluble 
novolac resin. 

In these compositions, however, a pattern having a line width of 0.5 urr\ or less cannot be resolved with 
a good profile and a good sensitivity. 

According to the present invention, there is provided a positive photoresist composition excellent in 
25 properties such as resolution and profile and good in sensitivity. 

The present invention relates to a positive photoresist composition comprising a novolac resin 
obtainable through a condensation reaction of a mixed cresol component consisting of m-cresol and p- 
cresol, a mixed xylenol component consisting of 3,5-xylenol and xylenols other than 3,5-xylenol, and an 
aldehyde component; 1 ,2-quinonediazide compound; and an alkali-soluble compound the molecular weight 
30 of which is lower than 900, wherein, in the condensation reaction, the ratio a of the mixed xylenol 
component to the sum of the mixed creso! and the mixed xylenol. is not smaller than 10% by mol and not 
greater than 25% by mol and the ratio of 3.5-xylenoi to the mixed xylenol is not smaller than 20% by mol 
and not greater than 60% by mol. In this specification, the ratio of the component means the ratio of the 
component charged in the condensation reaction unless otherwise mentioned, a and 0 are represented by 
35 the following equations: 

Mol nximber of the mixed xylenol 

cx (%) = 7 X 100 

Total mol number of the mixed cresol 
and the mixed xylenol 



40 



45 



SO 



Mol number of 3,5-xylenol 

p (%) = ' X 100 

Total mol number of the mixed xylenol 



As preferable novolac resin, novolac resins of which a is not smaller than 15% by mol and not greater 
than 25% by mol and 0 is not smaller than 20% by mol and not greater than 50% by mol can be referred 
to. if a is smaller than 10% by mol. resolution decreases, and if a exceeds 25% by mol. solubility in 
alkaline developing solution decreases, so that good sensitivity can not be obtained. The ratio of the m- 
55 cresol to the mixed cresol is usually not smaller than 30% by mol and not greater than 95% by mol. though 
it may be appropriately selected in accordance with the kind of the used 1.2-quinonediazide compound. 

As xylenol compounds other than 3,5-xylenol which can be used in the present invention, 2,3-xylenol, 
2.5-xylenol and 3,4-xylenol can be mentioned, among which 2,5-xylenol is preferable. As examples of the 
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aldehyde compound formaldehyde, acetaldehyde. benzaldehyde. glyoxal and salicylaldehyde can be 
mentoned, among which formaldehyde is preferable. These aldehydes can be used singly or fn the 

combination of two or more. ^inyiy or m ine 

usaJry'sS-c" to r2^"cTnH ^°">'e"tional manner. The reaction temperature is 

u. • ^ 2 to 30 hours. As the catalyst, inorganic acids such 

as hydrochlonc ac.d. sulfuric acid and phosphoric acid, organic acids such as oxalic acid a^eWcad^and p^ 
toluenesulfon,c acd or divalent metal salts such as zinc acetate are used. The condensation reacSon ?s 
carried out in the presence or absence of a reaction solvent. oensaiion reaction is 

The preferable novolac resin used in the positive photoresist composition of the present invention is the 
one of which the area in the GPC patfem (measured with UV 254 nm detector) oMhe range ?n that tS 
molecular weight as converted to polystyrene is 900 or less is 35% or less based on he tS GPC panlrn 

a:::ir3S'o?irss.''""" °' ""^^^ ^"^ "'"^^^ -ore prefeL'.; Te 

The preferable novolac resin can be obtained by means of. for example, fractionation from the novolac 
resm formed by the above-mentioned condensation reaction 

in JaLTtTfT"" '^^^««^*f^ by dissolving the novolac resin obtained through the condensation reaction 
ZITI T? «*^^«"°'). ketones (for example, acetone 

r^E. ^ ^"^ "^•^y'^"^ ^^^er esters (for examprShyi 

Tnrnirr^ or tetrahydrofuran and subsequently pouring the resulting solution in o watertopCre 

JoSrtwo^rsTs' ^ «^ - ^^P-e ^0 separ'^ate^h: 

h»„i^n rSflf/K compound. 1 .2-quinonedia2idesulfonic acid esters of compounds 

comoounVT ^'""^^ ^"'^"^^ P^^^^^ble 1 .2-quinoneSSe 

pa"S Tov VrntrL"':' ^ acid diester in an amount of 50%' or more and 

can be Jitred to °' "'"^"^ ''^h performance liquid chromatogram 

dihviL nLn'f"^"'"°"^'!!f^''^® compound, those containing l.2-quinonedia2idesulfonic acid esters of 
f L '° 1.2-quinonediazidesulfonic acid esters of compounds having 

oeiorlnr,-^ H ^^"""^^ ^^'^ '^^^^^ ^'^^ °^ Pattern measured by h gh 

perforn.ance liquid chromatography using UV 254 nm detector of the wholly esterlfied product nameV he 

Srab.:5T o^ mo^r' ^"'f."' '"'''"^ °^ ^-igHer-hydric ph'^comZ ds J 

preferably 5 ^ or more based on the pattern area of total 1 .2-quinonedia2ide compounds 

o.ni!,?^"'^.'^^ °' '"^ ^""^ higher-hydric phenol compounds, the compounds represented by the 

general formula mentioned on Page 3 of Japanese Patent Application KOKAI No 2-103543 the compounds 

S^sTand tK ' ^'T' '"^""'"^ ""^ •'^P--^^ Application KOI^'no 2! 

S NO. ZS^sTT^^^^eZTfo"' '^pp"-^- 

inclu'^noThn? ^""^T'^^ °' '"^ compound having at least three phenolic hydroxyl groups, oxyflavans 

KOlSl No 4 50^^"^^^ "^"^'^"^^ °" "^^9^ ^ °' Japanese Patent Application 

KOKAI No^ 4-50851 and the oxyflavan compounds represented by the general formula (I) mentioned in 

examo es of T T ^^'"P^""^^ aldehyde compounds can be referred to. Specific 

formu^s " '"'^'"^^ compounds represented by the following 
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wherein Ri and R2 each independently represents a hydrogen atom, halogen atom, -OCOR3 or optionally 
substituted alkyi or alkoxy group in which R3 is an optionally substituted alkyi or phenyl group; x and y 
each independently represents an integer of 1 to 3; and R, Ro. R' and R'o each independently represents a 
hydrogen atom, alkyi group or phenyl group; and the compounds represented by the following formula: 




OH 



wherein B\ and x are as defined above, Qi to Q4 each independently represents a hydrogen atom, alkyi 
group or phenyl group and Z represents a group represented by one of the following formulas: 




CR23y R3 



wherein R2. Rs and y are as defined above, and n represents an integer of 2 to 5. 

The 1 ,2-quinonedia2ide compounds such as the quinonediazidesulfonyl esters of the compounds having 
at least three phenolic hydroxyl groups and the quinonediazidesulfonyl esters of the dihydric phenol 
compounds can be produced by. for example, reacting a 1 ,2-naphtoquinonedia2jdesulfonyl halide or a 1,2- 
benzoquinonediazidesulfonyl halide with a compound having at least three phenolic hydroxyl groups or a 
dihydric phenol compound in the presence of, for example, a weak base. 

Preferably, the 1 ,2-quinonedia2ide compound is used in an amount of 10 to 50% by weight based on 
the total solid component in the positive photoresist composition including novolac resin, 1,2-quinonediazlde 
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compound and alkali-soluble compound having a molecular weight of lower than 900. 
twn nhinorf K ?® compouHd having a molecular weight of lower than 900. compounds having at least 
two phenohc hydroxyl groups are preferred. More preferable alkali-soluble compounds are the comoounds 
represented by the general formula (I) mentioned in Japanese Patent Application KOH^rNo 2-275955 the 
S^anfthTcomr'n'' '""^'^ ^^P-^^' ^^'^ Applicat^n kS No 4! 

KOKA, NO 3-179353 ' '"^""^-^ ^«P--«« Patent ApplicaVn 

amount of'floiSj compound having a molecular weight of lower than 900 is used in an 

amount of 3 to 40% by weight based on the total solid component in the positive photoresist composition 
,h. LTTV ^°"^^"«°"^"y "s^d in this field Of the art such as dye. adhesLrprove° and 

tlZn ' - « a-ount into the positive photoresist composition oHhT'^sem 

r.,.^^nTLTT^ T^''- P-'^P^^^""" °' ^ positive photoresist solution, those having an appropriate dryino 
ate and capab e of g.vmg a uniform and smooth coating film after evaporation are preferred. Examples o^ 

r^ZLl Tl t ^"^"^ acetate, propylene S and 

monomethyl ether ace ate. the solvents mentioned in Japanese patent Application KbKAI 2-220§56 esters 
such as ethyl pyruvate, n-amyi acetate and ethyl lactate, and ketones such as 2-heptanone and 
"iZ nZ- -dependently or in the form of mixture ofCoTmore ^ 

The posit ve photoresist composition of the present invention can resolve a pattern having a linTwWth 
of 0.5 urn or less with a good profile with a good sensitivity ^ 

nro.on^*n*''^•^'^^®K ©xplainod more concretely with reference to the following examples The 

present invention .s by no means limited by these examples. In the examples, parts are by weighT 

Synthesis Example 1 

creso/sraTofpn ^^^9 ^,^^P^^'*y °' ^.000 ml was charged with 116.8 g of m-cresol. 116.8 g of p- 
Trl'. I ^ oL^' ^ '^-^ 9 °' 3.5-xylenol. 266.3 g of methyl isobutyl ketone. 6.9 g of oxalic acid 
and 91 .9 g of 90% acetic acid. The charging ratio of mixed xylenol a was 20% by rr^ol and the charoina 

Z a 'ooTt^ToflZJ'' ""''1 '"'^^"^^ ^'-^ w-rstrg' ^aVo TS h 

n!HoH lln f ^ °^ formaldehyde was dropwise added thereto over a 

period of 60 minutes and the resulting mixture was reacted for 13 hours. The reaction product was washed 
with water and dehydrated to obtain 652 g of a solution of a novolac resin in methyl isobutyl kLone A GPC 
analysis revealed that the product had a polystyrene-converted weight average molecular weight of 4.V76 

Synthesis Examples 2-6 

Solutions of a novolac resin In methyl isobutyl ketone were prepared by repeating Synthesis Examole 1 
except that mol numbers of the charged materials other than m-cresol and p cresof wie as Jho^^^ the 
followmg tawes and the mol numbers of charged m- and p-cresols were the same as tLiln Z hes's 
Example 1 . The results of GPC analysis are also shown In the following tables Synthesis 
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Table 2 



No. 


Yield of resin solution (g) 


Weight average molecular weight 


2 


573.1 


4.021 


3 


541 .4 


4.018 


4 


501.3 


4.760 


5 


575.3 


4.122 


6 


834.8 


4,103 



75 



Synthesis Example 7 



Two hundreds granns of a solution of the novolac resin obtained in Synthesis Example 1 in methyl 
isobutyi ketone, containing 37.7% by weight of the novolac resin, was charged into a 2-liter flask, to which 
were further added 177 g of methyl isobutyi ketone and 257 g of n-heptane. The mixture in the flask was 
20 o«n ^ ! ^° """"^^s. and then left to stand until it separated into two layers. After the separation 

200 g of 2-heptanone was added to the under layer and then the methyl isobutyi ketone and n-heptane 
were removed therefrom by means of evaporator to obtain a solution of the novolac resin in 2-heptanone 
The novolac resin had a polystyrene-converted weight average molecular weight of 6.983 as measured by 
GPC. The area of the pattern of a range in that the polystyrene-converted molecular weight was 900 or 
below in the novolac resin was 21 % based on the total pattern area. 

Synthesis Examples 8-12 

Solutions of novolac resin in 2-heptanone were prepared by repeating the procedure of Synthesis 
30 f'^f • ^"""^^^ °* solutions of novolac resin in methyl isobutyi ketone obtained in 

Synthesis Examples 2 to 6 was charged in the amount shown in the Table 3. The results of GPC analysis 
are also shown in Table 3. In Table 3. MBK. HP and 2HT are abbreviations of methyl isobutyi ketone n- 
heptane and 2-heptanone. respectively. 
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55 Examples 1-3 and Comparative Examples 1-3 

According to the formulation shown in Tables 4 and 5, a novolac resin (abbreviated to "Resin"), a 1 ,2- 
quinonediazide compound (abbreviated to "Photosensitizer") and an alkali-soluble compound (abbreviated 
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to "Additive") were mixed and dissolved in 50 parts of 2-heptanone. 

Each solution thus obtained was filtered with a Teflon filter having a pore size of 0.2 urn to prepare a 
resist solution. By nneans of a spin coater, the resist solution was coated onto a silicon wafer having been 
washed in the conventional nnanner up to a thickness of 1.1 urn. after which the coat was heated at 90'C 

5 for one nninute on a hot plate. Then, the wafer thus coated was exposed to light by means of a reduction 
projection exposing machine having a exposing wavelength of 365 nm (i line) (NSRl755i7A, NA = 0.5, 
manufactured by Nikon Corp.), while stepwise changing the amount of exposure. 

Subsequently, the wafer was heated on a hot plate at 110" C for one minute, and then developed with 
SOPD (developing solution, manufactured by Sumitomo Chemical Co., Ltd.) for one minute to obtain a 

10 positive pattern. The resolution was evaluated by measuring, with a scanning electron microscope, the 
dimension of line-and-space pattern which could be resolved without film thickness decrease at an 
exposure amount giving a line-and-space pattern of 1:1 (effective sensitivity). The profile was evaluated by 
observing the cross-sectional shape of 0.45 um line-and-space pattern at an effective sensitivity. 
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In Tables 4 and 5. Additive C is an alkali-soluble compound having a nnolecular weight of lower than 
65 900. which is represented by the following formula: 
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In Tables 4 and 5, Photosensitizers B and A are the compounds represented by the following formulas, 

respectively: 



OD 




H 2 C C H 2 



wherein D is 1 ,2-naphthoquinonedia2ide-5-sulfonyl group. 
Claims 

1. A positive photoresist composition comprising a novolac resin obtainable through a condensation 
reaction of a mixed cresol component consisting of m-cresol and p-cresol, a mixed xylenol component 
consisting of 3,5-xylenol and xylenols other than 3,5-xylenol and an aldehyde compound; a 1,2- 
quinonediaztde compound; and an alkali-soluble compound the molecular weight of which is lower than 
900. wherein, in said condensation reaction, the ratio a of the mixed xylenol based on the sum of the 
mixed cresol and the mixed xylenol is not smaller than 10% by mol and not greater than 25% by mol 
and the ratio 0 of 3,5-xylenol in the mixed xylenol is not smaller than 20% by mol and not greater than 
60% by mol. 

2. A positive photoresist composition according to Claim 1, wherein the GPC pattern area of the novolac 
resin of the range in which the molecular weight as converted to polystyrene is 900 or less is 35% or 
less based on the total pattern area excluding the pattern areas of the unreacted mixed cresol and 
mixed xylenol. 
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3. A positive photoresist composition according to Claim 1 or 2, wherein said xylenol other than 3.5- 
xylenol is 2,5-xylenoL 

4. A positive photoresist composition according to Claim 1. 2 or 3, wherein said alkali-soluble compound 
5 the molecular weight of which is lower than 900 is a compound having at least two phenolic hydroxy I 

groups. 

5. A positive photoresist composition according to Claim 1, 2, 3 or 4. wherein the content of the alkali- 
soluble compound the molecular weight of which is lower than 900 is 3 to 40 parts by weight per 100 

10 parts by weight of the sum of the novolac resin, 1 ,2-qulnonedia2ide compound and alkali-soluble 
compound the molecular weight of which is lower than 900. 
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